Abstract Diseases caused by Botrytis spp. are one of the major management issues in New Zealand vineyards. These fungi are genetically diverse across New Zealand's vineyards, with this diversity being reflected in differences in pathogenicity and fungicide resistance between populations. These populations are known to differ in their seasonal and regional distribution. A basic understanding of this diversity, and the factors governing its distribution, are important in developing effective control strategies against Botrytis spp. This study reviews knowledge on the phylogenetic, seasonal and regional distribution of Botrytis spp. in New Zealand vineyards. It confirms earlier reports that populations associated with diseased fruit at harvest often differ from those most frequently detected at flowering. This study also uses microsatellite data to show that the regional differences in diversity seen at flowering are not evident in the populations associated with diseased fruit at harvest.
INTRODUCTION
Botrytis bunch rot is a major disease of grapes in New Zealand. Our cool maritime climate means that infection can occur throughout the season with disease developing rapidly during periods of high humidity as the fruit ripens (Mundy et al. 2012) . Species-and population-specific differences in fungicide resistance and pathogenicity within Botrytis make basic data on genetic diversity important for understanding the disease caused by these fungi (Fournier et al. 2005; Leroch et al. 2013) . Previous research (Johnston et al. 2014a ) has shown considerable genetic diversity in the New Zealand populations of Botrytis spp. associated with buds and young flowers in spring, with multiple species (both B. cinerea and B. pseudocinerea) and transposon types represented. The genetic variation detected within Botryis cinerea in New Zealand (Johnston et al. 2014a ) is similar to that reported from Europe (Walker et al. 2011; Leroch et al. 2013 ). There also appeared to be a regional pattern to that diversity with B. pseudocinerea, and some transposon types and β-tubulin haplotypes within B. cinerea, being more or less restricted to some wine-growing regions. In contrast, the populations of Botrytis associated with diseased fruit at harvest were genetically more uniform, more or less restricted to the species B. cinerea, to the B1 haplotype within that species, and to 
Genetic characterisation across regions and seasons
All isolates were characterised for species and transposon state using the methods from Johnston et al. (2014a,b) . Between 20 and 50 isolates from each season/vineyard were also characterised for β-tubulin haplotype (Johnston et al. 2014a ). Some of these data were published by Johnston et al. (2014a) . Using seven of the microsatellites developed for Botrytis spp. by Fournier et al. (2002) , we sampled transposa isolates of Botrytis cinerea (the genetic type dominating vineyards at harvest) collected at harvest from vineyards in Auckland, Gisborne, Hawke's Bay, Marlborough and Waipara. Not all the samples were collected in the same year (Table 1) . To test the impact of the collecting year, one of the Auckland and one of the Waipara vineyards had two separate samples in both 2009 and 2012. Each vineyard/year population sampled was represented by 22 isolates except from Waipara vineyard 2 with 24 isolates. Data from seven microsatellite markers were analysed using the GenAIEx 6.5 plugin for Excel (Peakall & Smouse 2006 , 2012 . The PhiPT 
RESULTS
At flowering in all regions and years sampled, strong differences in regional diversity were evident in the Botrytis populations. Botrytis pseudocinerea was more common in the Auckland region than elsewhere, as were populations of B. cinerea containing only the flipper transposon; and at one of the Auckland vineyards the B. cinerea population was dominated by the B4 β-tubulin haplotype. Populations containing only the Boty transposon were more common in the Waipara region than elsewhere, as were populations dominated by the B9 β-tubulin haplotype (Table 2) . On diseased fruit at harvest less than 1% of the isolates were B. pseudocinerea, even in the Auckland vineyards. In all regions and years sampled, 93% (standard deviation 8.7%) of the B. cinerea isolates were transposa (both Boty and flipper transposons present). The Auckland vineyard 1 retained 57% B. cinerea haplotype B4 (sensu Johnston et al. 2014a) isolates at harvest, whereas all other vineyards were dominated by B. cinerea haplotype B1 (82.7%, standard deviation 12.5%).
The microsatellite analysis summary statistics for haploid diversity, averaged for the seven microsatellite markers, are provided in Table 3 . Most of the genetic variation measured was expressed (Table 1) , and the microsatellite data showed it to be genetically more distant to the other vineyards. The average PhiPT value for the comparison between Auckland vineyard 1 and all other vineyards was 0.133, whereas that for the other vineyards excluding Auckland vineyard 1 was 0.040 (P <0.001). Genetic distance was poorly related to geographic distance ( Figure 1) .
DISCUSSION
At the start of the season during flowering we found strong regional differences in both the transposon status and phylogenetic relationships in populations of Botrytis spp. This genetic diversity was associated with differences in both fungicide resistance and pathogenicity. For example, lab-based pathogenicity tests showed that B. cinerea was more pathogenic than B. pseudocinerea, and B. cinerea isolates with the β-tubulin B9 haplotype were less pathogenic than those with the B1 haplotype (Johnston et al. 2014b ).
Compared to isolates collected early in the season, the B. cinerea populations associated with diseased fruit at harvest are genetically much more uniform and show minimal varation with respect to geographic distance. Therefore, late in the season, it is likely that there is little difference in the pathogenic potential of the vineyard populations of B. cinerea across the country. One caution is that the results reported here are from a small number of vineyards within only some of New Zealand's wine growing areas. There is still little information on variation between years, minimal data between vineyards within a region, and none between commercial vineyards with different management regimes (e.g. conventional versus organic).
